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AZOLES AS MALONYL-COA 
DECARBOXYLASE INHIBITORS USEFUL AS 

METABOLIC MODULATORS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a divisional of United States (“US”) 
application Ser. No. 10/468,379, ?led on Aug. 19, 2003 now 
US. Pat. No. 7,709,510, which is the US. National Stage 
under 35 U.S.C. §371 of International Application No. PCT/ 
US02/ 04777, ?led on Feb. 19, 2002, which claims the bene?t 
of US. provisional application Ser. No. 60/270,034 ?led Feb. 
20, 2001; the entire disclosure of each of these prior applica 
tions is incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention relates to methods of treatment of 
certain metabolic diseases and to novel compounds and their 
prodrugs, and/ or pharmaceutically acceptable salts, pharma 
ceutical compositions containing such compounds useful in 
treating such diseases. In particular, this invention relates to 
the use of novel compounds and compositions for the pro 
phylaxis, management or treatment of cardiovascular dis 
eases, diabetes, cancers, and obesity through the inhibition of 
malonyl-coenzyme A decarboxylase (malonyl CoA decar 
boxylase, MCD). 

BACKGROUND 

Malonyl-CoA is an important metabolic intermediary pro 
duced by the enzyme Acetyl-CoA Carboxylase (ACC) in the 
body. In the liver, adipocytes, and other tissues, malonyl-CoA 
is a substrate for fatty acid synthase (FAS). ACC and malonyl 
CoA are found in skeletal muscle and cardiac muscle tissue, 
where fatty acid synthase levels are low. The enzyme malo 
nyl-CoA decarboxylase (MCD, EC 4.1.1.9) catalyzes the 
conversion of malonyl-CoA to acetyl-CoA and thereby regu 
lates malonyl-CoA levels. MCD activity has been described 
in a wide array of organisms, including prokaryotes, birds, 
and mammals. It has been puri?ed from the bacteria Rhizo 
bium trifolii (An et al., J. Biochem. Mol. Biol. 32:414-418 
(1999)), the uropygial glands of waterfowl (Buckner, et al., 
Arch. Biochem. Biophys 177:539 (1976); Kim and Kolat 
tukudy Arch. Biochem. Biophys 190:585 (1978)), rat liver 
mitochondria (Kim and Kolattukudy, Arch. Biochem. Bio 
phys. 190:234 (1978)), rat mammary glands (Kim and Kolat 
tukudy, Biochim. Biophys, Acta 531:187 (1978)), rat pancre 
atic [3-cell (Voilley et al., Biochem. J. 340:213 (1999)) and 
goose (Anser anser) (Jang et al., J. Biol. Chem. 264:3500 
(1989)). Identi?cation of patients with MCD de?ciency led to 
the cloning of a human gene homologous to goose and rat 
MCD genes (Gao et al., J. Lipid. Res. 40:178 (1999); Sack 
steder et al., J. Biol. Chem. 274:24461 (1999); FitzPatrick et 
al., Am. J. Hum. Genet. 65:318 (1999)). A single human MCD 
mRNA is observed by Northern Blot analysis. The highest 
mRNA expression levels are found in muscle and heart tis 
sues, followed by liver, kidney and pancreas, with detectable 
amounts in all other tissues examined. 

Malonyl-CoA is a potent endogenous inhibitor of camitine 
palmitoyltransferase-I (CPT-I), an enzyme essential for the 
metabolism of long-chain fatty acids. CPT-I is the rate-limit 
ing enzyme in fatty acid oxidation and catalyzes the forma 
tion of acyl-camitine, which is transported from the cytosol 
across the mitochondrial membranes by acyl camitine trans 
locase. Inside of the mitochondria the long-chain fatty acids 
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2 
are transferred back to CoA form by a complementary 
enzyme, CPT-II, and, in the mitochondria, acyl-CoA enters 
the [3-oxidation pathway generating acetyl-CoA. In the liver, 
high levels of acetyl-CoA occurs for example following a 
meal, leading to elevated malonyl-CoA levels, which inhibit 
CPT-I, thereby preventing fat metabolism and favoring fat 
synthesis. Conversely, low malonyl-CoA levels favor fatty 
acid metabolism by allowing the transport of long-chain fatty 
acids into the mitochondria. Hence, malonyl-CoA is a central 
metabolite that plays a key role in balancing fatty acid syn 
thesis and fatty acid oxidation (Zammit, Biochem. J. 343: 
5050-515 (1999)). Recent work indicates that MCD is able to 
regulate cytoplasmic as well as mitochondrial malonyl-CoA 
levels [Alam and Saggerson, Biochem J. 334:233-241 (1998); 
Dyck et al., Am JPhysiology 275:H2122-2129 (1998)]. 

Although malonyl-CoA is present in muscle and cardiac 
tissues, only low levels of FAS have been detected in these 
tissues. It is believed that the role of malonyl-CoA and MCD 
in these tissues is to regulate fatty acid metabolism. This is 
achieved via malonyl-CoA inhibition of muscle (M) and liver 
(L) isoforrns of CPT-I, which are encoded by distinct genes 
(McGarry and Brown, Eur. J. Biochem. 244:1-14 (1997)). 
The muscle isoform is more sensitive to malonyl-CoA inhi 
bition (IC50 0.03 uM) than the liver isoform (IC50 2.5 uM). 
Malonyl-CoA regulation of CPT-I has been described in the 
liver, heart, skeletal muscle and pancreatic [3-cells. In addi 
tion, malonyl-CoA sensitive acyl-CoA transferase activity 
present in microsomes, perhaps part of a system that delivers 
acyl groups into the endoplasmic reticulum, has also been 
described (Fraser et al., FEBS Lett 446: 69-74 (1999)). 

Cardiovascular Diseases: The healthy human heart utilizes 
available metabolic substrates. When blood glucose levels are 
high, uptake and metabolism of glucose provide the major 
source of fuel for the heart. In the fasting state, lipids are 
provided by adipose tissues, and fatty acid uptake and 
metabolism in the heart down regulate glucose metabolism. 
The regulation of intermediary metabolism by serum levels of 
fatty acid and glucose comprises the glucose-fatty acid cycle 
(Randle et al., Lancet, 1:785-789 (1963)). Under ischemic 
conditions, limited oxygen supply reduces both fatty acid and 
glucose oxidation and reduces the amount of ATP produced 
by oxidative phosphorylation in the cardiac tissues. In the 
absence of suf?cient oxygen, glycolysis increases in an 
attempt to maintain ATP levels and a buildup of lactate and a 
drop in intracellular pH results. Energy is spent maintaining 
ion homeostasis, and myocyte cell death occurs as a result of 
abnormally low ATP levels and disrupted cellular osmolarity. 
Additionally, AMPK, activated during ischemia, phosphory 
lates and thus inactivates ACC. Total cardiac malonyl-CoA 
levels drop, CPT-I activity therefore is increased and fatty 
acid oxidation is favored over glucose oxidation. The bene? 
cial effects of metabolic modulators in cardiac tissue are the 
increased ef?ciency of ATP/mole oxygen for glucose as com 
pared to fatty acids and more importantly the increased cou 
pling of glycolysis to glucose oxidation resulting in the net 
reduction of the proton burden in the ischemic tissue. 
A number of clinical and experimental studies indicate that 

shifting energy metabolism in the heart towards glucose oxi 
dation is an effective approach to decreasing the symptoms 
associated with cardiovascular diseases, such as but not lim 
ited, to myocardial ischemia (Hearse, “Metabolic approaches 
to ischemic heart disease and its management”, Science 
Press). Several clinically proven anti-angina drugs including 
perhexyline and amiodarone inhibit fatty acid oxidation via 
inhibition of CPT-I (Kennedy et al., Biochem. Pharmacology, 
52: 273 (1996)). The antianginal drugs ranolazine, currently 
in Phase III clinical trials, and trimetazidine are shown to 
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inhibit fatty acid [3-oxidation (McCormack et al., Genet. 
Pharmac. 30:639 (1998), Pepine et al., Am. J Cardiology 
84:46 (1999)). TrimetaZidine has been shown to speci?cally 
inhibit the long-chain 3-ketoactyl CoA thiolase, an essential 
step in fatty acid oxidation. (Kantor et al., Circ. Res. 86:580 
588 (2000)). Dichloroacetate increases glucose oxidation by 
stimulating the pyruvate dehydrogenase complex and 
improves cardiac function in those patients with coronary 
artery diseases (Wargovich et al., Am. J. Cardiol. 61:65-70 
(1996)). Inhibiting CPT-I activity through the increased 
malonyl-CoA levels with MCD inhibitors would result in not 
only a novel, but also a much safer method, as compared to 
other known small molecule CPT-I inhibitors, to the prophy 
laxis and treatment of cardiovascular diseases. 

Most of the steps involved in glycerol-lipid synthesis occur 
on the cytosolic side of liver endoplasmic reticulum (ER) 
membrane. The synthesis of triacyl glycerol (TAG) targeted 
for secretion inside the ER from diacyl gycerol (DAG) and 
acyl CoA is dependent upon acyl CoA transport across the ER 
membrane. This transport is dependent upon a malonyl-CoA 
sensitive acyl-CoA transferase activity (Zammit, Biochem. J. 
343: 505 (1999) Abo-Hashema, Biochem. 38: 15840 (1999) 
and Abo-Hashema, J. Biol. Chem. 274:35577 (1999)). Inhi 
bition of TAG biosynthesis by a MCD inhibitor may improve 
the blood lipid pro?le and therefore reduce the risk factor for 
coronary artery disease of patients. 

Diabetes: Two metabolic complications most commonly 
associated with diabetes are hepatic overproduction of ketone 
bodies (in NIDDM) and organ toxicity associated with sus 
tained elevated levels of glucose. Inhibition of fatty acid 
oxidation can regulate blood-glucose levels and ameliorate 
some symptoms of type II diabetes. Malonyl-CoA inhibition 
of CPT-I is the most important regulatory mechanism that 
controls the rate of fatty acid oxidation during the onset of the 
hypoinsulinemic-hyperglucagonemic state. Several irrevers 
ible and reversible CPT-I inhibitors have been evaluated for 
their ability to control blood glucose levels and they are all 
invariably hypoglycemic (Anderson, Current Pharmaceuti 
cal Design 4:1 (1998)). A liver speci?c and reversible CPT 
inhibitor, SDZ-CPI-975, signi?cantly lowers glucose levels 
in normal 18-hour-fasted nonhuman primates and rats with 
out inducing cardiac hypertrophy (Deems et al., Am. J. Physi 
ology 274:R524 (1998)). Malonyl-CoA plays a signi?cant 
role as a sensor of the relative availability of glucose and fatty 
acid in pancreatic [3-cells, and thus links glucose metabolism 
to cellular energy status and insulin secretion. It has been 
shown that insulin secretagogues elevate malonyl-CoA con 
centration in [3-cells (Prentki et al., Diabetes 45: 273 (1996)). 
Treating diabetes directly with CPT-I inhibitors has, however, 
resulted in mechanism-based+hepatic and myocardial toxici 
ties. MCD inhibitors that inhibit CPT-I through the increase 
of its endogenous inhibitor, malonyl-CoA, are thus safer and 
superior as compared to CPT-I inhibitors for treatment of 
diabetic diseases. 

Cancers: Malonyl-CoA has been suggested to be a poten 
tial mediator of cytotoxicity induced by fatty-acid synthase 
inhibition in human breast cancer cells and xenografts (Pizer 
et al., Cancer Res. 60:213 (2000)). It is found that inhibition 
of fatty acid synthase using antitumor antibiotic cerulenin or 
a synthetic analog C75 markedly increase the malonyl-CoA 
levels in breast carcinoma cells. On the other hand, the fatty 
acid synthesis inhibitor, TOFA (5-(tetradecyloxy)-2-?1roic 
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4 
acid), which only inhibits at the acetyl-CoA carboxylase 
(ACC) level, does not show any antitumor activity, while at 
the same time the malonyl-CoA level is decreased to 60% of 
the control. It is believed that the increased malonyl-CoA 
level is responsible for the antitumor activity of these fatty 
acid synthase inhibitors. Regulating malonyl-CoA levels 
using MCD inhibitors thus constitutes a valuable therapeutic 
strategy for the treatment of cancer diseases. 

Obesity: It is suggested that malonyl-CoA may play a key 
role in appetite signaling in the brain via the inhibition of the 
neuropepetide Y pathway (Loftus et al., Science 288: 2379 
(2000)). Systemic or intracerebroventricular treatment of 
mice with fatty acid synthase (FAS) inhibitor cerulenin or 
C75 led to inhibition of feeding and dramatic weight loss. It is 
found that C75 inhibited expression of the prophagic signal 
neuropeptide Y in the hypothalamus and acted in a leptin 
independent manner that appears to be mediated by malonyl 
CoA. Therefore control of malonyl-CoA levels through inhi 
bition of MCD provides a novel approach to the prophylaxis 
and treatment of obesity. 
The design of MCD inhibitors for the treatment of cardio 

vascular diseases, diabetes, cancers or obesity has not been 
reported in the literature. We have now found a novel series of 
compounds containing thiazoles and oxazoles, members of 
which are potent inhibitors of MCD. The compounds tested 
both in vitro and in vivo inhibit malonyl-CoA decarboxylase 
activities and increase the malonyl CoA concentration in the 
body. In addition, by way of example, selected compounds 
induce a signi?cant increase in glucose oxidation as com 

pared with the control in an isolated perfused rat heart assay 
(McNeill, Measurement of Cardiovascular Function, CRC 
Press, 1997). Advantageously, preferred compounds such as 
Table 3 entry 16 and Table 8, entry 7 of the invention have 
more profound effects in metabolism shift than the known 
metabolism modulators such as ranolaZine or trimetaZidine. 

The compounds of the invention and pharmaceutical compo 
sition containing these compounds are therefore useful in 
medicine, especially in the prophylaxis, management and 
treatment of various cardiovascular diseases, diabetes, can 
cers and obesity. 

Additionally, these compounds are also useful as a diag 
nostic tool for diseases associated with MCD de?ciency or 
malfunctions. 

SUMMARY OF THE INVENTION 

The present invention provides novel compounds as 
depicted by structures I and II, novel pharmaceutical compo 
sitions containing the same, and methods for the prophylaxis, 
management and treatment of metabolic diseases and dis 
eases modulated by MCD inhibition. The compounds of this 
invention are useful for the prophylaxis, management and 
treatment of diseases involving malonyl-CoA regulated glu 
cose/fatty acid metabolism. In particular, these compounds 
and pharmaceutical compositions containing the same are 
indicated in the prophylaxis, management and treatment of 
cardiovascular diseases, diabetes, cancer and obesity. In addi 
tion to the novel compounds and compositions of this inven 
tion, the intermediates and processes useful for the prepara 
tion of the compounds of the invention are also included 
within the scope of this invention. 

The present invention also includes within its scope diag 
nostic methods for the detection of diseases associated with 
MCD de?ciency or malfunctions. 
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The compounds of the invention are represented by the 
following structures: 

Wherein Y, C, R1, R2, R6, and R7 are de?ned below. Also 
included within the scope of this invention are the corre 

sponding enantiomers, diastereoisomers, prodrugs, and phar 
maceutically acceptable salts of these compounds. Other 
aspects of this invention will become apparent as the descrip 
tion of this invention continues. Hence, the foregoing merely 
summarizes certain aspects of the invention and is not 
intended, nor should it be construed, as limiting the invention 
in any way. 

DETAILED DESCRIPTION OF THE INVENTION 

The detailed description of the invention that follows is not 
intended to be exhaustive or to limit the invention to the 
precise details disclosed. It has been chosen and described to 
best explain the details of the invention to others skilled in the 
art. 

The compounds in the present invention are represented by 
the following formulae: 

N 

1 \ 

wherein 

Y is selected from S or O; C is a substituted monocyclic 5-7 
membered ring containing one to three heteroatoms, 
wherein such heteroatoms are selected from O, N, or S, 
wherein such sub stituents are independently selected 
from R1 and R2; 

R1 and R2 are different, and each is independently selected 
from hydrogen, halogen, hydroxy, nitro, cyano, Cl-C12 
alkyl, substituted Cl-C12 alkyl, alkylamino, alkylsulfa 
nyl, aryl, Cl-C12 alkoxy, substituted Cl-C12 alkoxy, 
4C(X)R3s *CR11W)R12> 4CH2CR11W)R12s 
iS(O)n R3, iNR4P(O)(R5)2, iP(O)(R5)2, or a sub 
stituted or unsubstituted monocyclic 3 -7 membered ring 
containing zero to three heteroatoms, wherein such het 
eroatoms are selected from O, N, or S, wherein such 
sub stituents are independently chosen from R9, or R 1 or 
R2 can be a group of the following formulae: 
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in which ring D is a substituted or unsubstituted monocy 
clic 3-7 membered ring containing zero to three heteroa 
toms, wherein such heteroatoms are selected from O, N, 
or S, wherein such substituents are independently cho 
sen from R9, and R3 and R4, taken together can form a 
substituted or unsubstituted monocyclic 3-7 membered 
ring containing zero to three heteroatoms, wherein such 
heteroatoms are selected from O, N, or S, wherein such 
substituents are independently chosen from R9, or R1 
and R2 taken together can form a substituted or unsub 
stituted 5-7 membered ring containing zero to three het 
eroatoms selected from N, O, or S, wherein such sub 
stituents are selected from R9; 

R3 is selected from hydrogen, hydroxy, amino, Cl-C12 
alkyl, substituted Cl-C12 alkyl, alkylamino, aryl, Cl-C12 
alkoxy, substituted Cl-C12 alkoxy, or a monocyclic 3-7 
membered ring containing zero to three heteroatoms, 
wherein such heteroatoms are selected from O, N, or S, 
wherein such substituents are independently chosen 
from R9; 

R4 is selected from hydrogen, Cl-C12 alkyl, substituted 
Cl-C12 alkyl, aryl, or a monocyclic 3-7 membered ring 
containing zero to three heteroatoms, wherein such het 
eroatoms are selected from O, N, or S, wherein such 
substituents are independently chosen from R9; 

R5 is selected from hydrogen, Cl-C12 alkyl, substituted 
Cl-C12 alkyl, alkylamino, alkoxy, aryl, or a monocyclic 
3-7 membered ring containing zero to three heteroat 
oms, wherein such heteroatoms are selected from O, N, 
or S, wherein such substituents are independently cho 
sen from R9; 

R6, which is placed at either the 5- or the 6-position as 
de?ned in II, is selected from iNR8P(O)(R5)2, or group 
of the following formulae: 

(0)” 

Rs 

in which ring D is a substituted monocyclic 5-7 membered 
ring containing one to three heteroatoms, wherein such 
heteroatoms are selected from O, N, or S, wherein such 
sub stituents are independently chosen from R9, and ring 
E is a substituted 5-membered heteroaromatic ring or a 
monocyclic 3, 4, 6, or 7-membered heterocyclyl con 
taining one to three heteroatoms, wherein such heteroa 
toms are selected from O, N, or S, wherein such sub 
stituents are independently chosen from R9, and Q is 
selected from iNRSi, 4C(O)i, or 40*; 

R7 is selected from hydrogen, Cl-C12 alkyl, Cl-C12 alkoxy, 
halogen, cyano, SOzR4, SOZNR4R4, or R7 and R6 taken 
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together can form a fused substituted 5-7 membered ring 
containing one to three heteroatoms selected from N, O, 
or S, wherein such substituents are selected from R9; 

R8 is selected from C2-Cl2 substituted alkyl, C3 -C12 
branched alkyl, C2-C6(alkylene)Rl4, 4CH(CF3)2, 
4CH((CF2)nCF3)w 4CH(CF3)R11> *CHR12(ary1)> 
4CHR1 1 (heteroaryl), iCHRl 1 (heterocyclyl), 
cycloalkyl, or a monocyclic 3-7 membered ring contain 
ing zero to three heteroatoms, wherein such heteroatoms 
are selected from O, N, or S, wherein such substituents 
are independently chosen from R9; 

R9 is selected from hydrogen, halogen, 4CN, iC(O)CF3, 
iS(O)nCF3, iC(O)CH2F, iCH(OH)CF3, iN(CN)2, 
4C(CN)3, iCHRlORn, C1-Cl2 alkyl, substituted 
C1-C12 alkyl, iCF3, i(CF2)mCF3, iCH(CF3)2, %F 
(CF3)2, iSO3H, alkylamino, alkylsulfanyl, aryl, 
C1-Cl2 alkoxy, substituted C1-Cl2 alkoxy, iCQ()RlO, 
%R11(V)R12, *CHZCRUWBIZ, *S(O)nR12, 
iS(O)2NHMe(OH), iS(O)2NH(2-thiazolyl), -(4 
oxo-2-thioxo-thiazolidin-5-ylidene), tetrazolyl, iCH2 
(l , l -dioxo-llambda*6*-thiomorpholin-4-yl), iS(O)2 
CHZNOZ, is<0)2CHZS(O)2R12 *P(O)(ORU)R12, 
iNR11P(O)ORl2, iP(O)(NRllR12), a substituted or 
unsubstituted monocyclic 3-7 membered ring contain 
ing one to three heteroatoms, wherein such heteroatoms 
are selected from O, N, or S; 

R10 is selected from hydroxy, amino, NHCN, C 1 -Cl 2 alkyl, 
substituted C1-Cl2 alkyl, cycloalkyl, alkylamino, 
C1-Cl2 alkoxy, 4CF3, heterocyclyl, aryl; 

R11 is selected from hydrogen, C1-C12 alkyl, substituted 
C1-Cl2 alkyl, heterocyclyl, or aryl; 

R12 is selected from C 1 -Cl 2 alkyl, substituted C1-Cl2 alkyl, 
heterocyclyl, or aryl; 

R13 is selected from substituted C2-Cl2 alkyl, substituted 
C2-Cl2 alkenyl, substituted C2-Cl2 alkynyl, heterocy 
clyl, alkylether, alkylamino, and unsubstituted or substi 
tuted heteroaryl or p-R9-sub stituted phenyl; 

R14 is selected from 4COR3, R6; 
A is a bond, iNRSi, or iCR4R5i; 

G is iCH(CH2)mi, >C:CHi, iN(CH2)m; 
L is a bond, 40*, iC(O)i, iNRSi, iCR4Hi, 
%R4(OH)i, or iCR4R5i, iNHNRSi; 

Q is a bond, iNRSi, iC(O)i, iOi or 4CR4R5i; 
X is O, S, NR4, NOR4, NCN, NNO2, CRUNO2, CRUCN, 

C(CN)2, CR11R12, or NiNRllRl2; 
V is iOH, iSH, iCN; 
m is zero, one, two or three; 
n is one or two; 

its corresponding enantiomers, diastereoisomers or tau 
tomers, 

or a pharmaceutically acceptable salt, or a prodrug thereof 
in an pharmaceutically-acceptable carrier. 

As described above, the compounds of this invention can 
be provided as prodrugs, the following of which serve as 
examples: 

III 

1 N\ 1351?, 
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-continued 

IV 

0 

LO 0 N\ ?iTQIQ—SH 
R8 

In which structure III describes a disul?de linkage, which 
is converted in vivo to the active form, i.e., structure I. Struc 
ture IV describes an ethyl ester, which is converted to the 
corresponding acid, i.e., 4CO2H, form in vivo. 
The skilled artisan will appreciate that the designation: 

describes placement of substituents Rl- and Rj at any available 
position on the ring and any position relative to each other, 
and that the relative positions of RI. and R]. in the above des 
ignation implies nothing other than their placement on the 
ring. This convention is used throughout this speci?cation to 
describe radicals that can be placed at any available valence, 
without implying more. 

Furthermore, as it relates to nomenclature herein, com 
pounds explicitly named are generally named using IUPAC 
conventions, but compounds which are structurally described 
use the following ring numbering regardless of IUPAC con 
vention or heteroatoms present in the ring: 

Hence whether the compounds contain heteroatoms, such as 
N, for example, in the 6 membered part of the ring, the 
radicals attached to that part of the ring are described by the 
numbering shown above. Thus for these example hetero 
cycles: 

R N 
2 / N N/ N \>_SH tym RIINIY RIAN I Y 
R N R 
2 / N 2 / N 

\ \ UY>—SH \libIYySH 
N R 

N4 N 2 / N 

\ SH n\ SH KAI? R1 \NI k 
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-continued 

R1 /N N N/ N 

| \>—SH | \>—SH 
Rl \ Y Rl \ Y 5 

R2 / N 
\ SH 

H\ I k 

The numbering convention described above applies, and is 
usually described with reference to “structure II”, except 
where compounds are explicitly named. 

There are several preferred embodiments of the present 
invention. One such preferred embodiment is thatY in struc 
tures I and II is a sulfur atom. Another such preferred embodi 
ment is that ring C in structure I is either pyridine or pyrimi 
dine. Another such preferred embodiment is that the 
substituents R1 and R2 in structure I are placed at either the 5 
or the 6 position, as indicated by the following structures: 

R2 N N N 
/ N/ 

\ SH i \ SH RIINIYP RIANI Y>— 
R N R 

2\K\JV\N\>—SH Zw/IN\>—SH N\ Y N§N Y 

MN N\>_ R2 / N\>_ I SH II SH Rl \ Y Rl \N Y 

R1 /N N N/ N 

\ SH ? \ SH \ I Y>— R1 \ I Y>— 
R2 / N 

\ HI w 
In another preferred embodiment the sub stituent R2 is hydro 
gen or is otherwise not present, and R1 is attached at the 
6-position, as indicated by the following structures: 

| N\>_SH Rl Y RIAN Y 
/N N /N N 

\ \ 

.1.le N/ N / N 

R1 \ I Y\>—SH Rl/QNIYySH 
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10 
Another such preferred embodiment is that is that ring C is 
pyridine, and that the substituent R2 is hydrogen or is other 
wise not present, and R1 is attached at the 6-position, as 
indicated by the following structures: 

/ N 
\ SH 

\N I k R1 

Where the substituent R1 is a group of the following formulae: 

A even more preferred embodiment is that R1 is a group 
selected from the following formulae: 

0 s 0 

R4 i R4 i R4 i \IiI III/ \N N/ \O N/ 

/ 

5 

0 

R4 I 
R5 

A yet more preferred embodiment is that in the above listed 
functional groups R5’ is hydrogen and R5 is selected from 
C3-C12 branched alkyl, C2-C8 (alkylene)Rl4, cycloalkyl, 
4CH2(heterocyclyl), 4CH2(aryl), heterocyclyl, and R4 is 
substituted C6-C12 alkyl, C2-C8 (alkylene)Rl4, substituted 
heteroaryl, substituted heterocyclyl, or p-R9-sub stituted phe 
nyl. More preferably R4 is a substituted 5-6 membered het 
erocyclyl, R9-substituted heteroaryl, or p-R9-sub stituted phe 
nyl. 

Another such preferred embodiment is that in structure II 
the sub stituent R7 is hydrogen and R6 is attached at the 6-po 
sition, as indicated by the following structure: 

N 

R6 Y 
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A more preferred embodiment is that in the above structure 
R6 is a group selected from the following formulae: 

0 S O 

R l R l R l l3\N N/ l3\N N/ l3\O N/ 
H l H l | 

A particularly preferred embodiment is that R8 is selected 
from C3-C12 branched alkyl, C2-C8 (alkylene)Rl4, 
cycloalkyl, iCH2(heteroaryl), iCH2(heterocyclyl), het 
erocyclyl, and R13 is a substituted C6-C12 alkyl, C2-C8 (alky 
lene)Rl4, heterocyclyl, substituted heteroaryl, or p-R9-sub 
stituted phenyl. More preferably, R 1 3 in the above functional 
groups is an R9-substituted heteroaryl or p-R9-substituted 
phenyl. 
A still more preferred embodiment is that in the above 

drawn formulae R8 is C3-C7 branched alkyl, in particular 
isopropyl and isobutyl, C3 -C7 cycloalkyl, in particular cyclo 
propyl, cyclobutyl, cyclopentyl, and cyclohexyl, a 5-6 mem 
bered heterocyclyl, in particular tetrahydropyranyl, tetrahy 
drofuranyl, piperidinyl, and pyrrolininyl, iCH2(heteroaryl), 
in particular methylpyridinyl, methyl thiazolyl, and methyl 
isoxazolyl, iCH2(heteroaryl), in particular methyltetrahy 
dropyranyl, methyltetrahydrofuranyl, methylpiperidinyl, and 
methylpyrrolininyl; and R13 is C2-C8 (alkylene)Rl4, more 
preferably i(CH2)2_8R14, unsubstituted heteroaryl, or 
R9-substituted heteroaryl, particularly 5-6 membered het 
eroaryl, e.g., pyridyl and oxazolinyl, thiophenyl, and espe 
cially preferred R13 is p-R9-substituted phenyl. 
A highly preferred embodiment is that in the above drawn 

formulae, R13 is p-R9-substituted phenyl, Where the most 
preferred R9 are selected from iCN, 4C(O)CF3, iS(O)n 
CF3, iC(O)CH2F, %H(OH)CF3, iN(CN)2, %(CN)3, 
iCHRlORn, Cl-C12 alkyl, substituted Cl-C12 alkyl, iCF3, 
i(CF2)mCF3, iCH(CF3)2, %F(CF3)2, iSO3H, C2-C12 
alkoxy, substituted C2-C12 alkoxy, 4C(X)R10, 4CR11(V) 
RRRR %HRCRRR<V)RRRR 48(0)RRR2R is<O)RNHMe(0H)R 
iS(O)2NH(2-thiazolyl), -(4-oxo-2-thioxo-thiazolidin-5 
ylidene), tetrazolyl, iCH2(l,l-dioxo-llambda*6*-thiomor 
pholin-4-yl), iS(O)2CH2N02, iS(O)2CH2$(O)2R12, 
*P(O)(OR11)R12: *NR11P(O)OR12s *P(O)(NR11R12)’ or 
a ring selected from the folloWing: 

N 

6/ \N WAS MAO 
| 1 NJ “\5/ |4\5/ 

attached at the attached at the attached at the 
l or 2 position 2, 4, or 5 position 2, 4, or 5 position 

attached at the 
2, 4, or 5 position 

attached at the 
2 or 4 position 

attached at the 
4 or 5 position 
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1 2 
-continued 

YH>=R Y°>=R "i m5 S N 

attached at the attached at the 
2 or 4 position 4 or 5 position 

A particularly highly preferred embodiment is that in the 
formula: 

N 

R6 Y 

Wherein R6 is selected from: 

o s 0 

R13 i R i R i \N N/ 13\N N/ 13\O N/ 
H | H | | 

the most preferred R8 are selected from C3 -C7 branched alkyl, 
C3-C7 cycloalkyl, 5-6 membered heterocyclyl, i(CH2)4_8 
R14, and the most preferred R13 are selected from R9-substi 
tuted 5-6 membered heteroaryl or p-R9-substituted phenyl, 
Wherein the most preferred R9 are selected from F, Cl, Br, I, 

C2-C12 alkoxy, substituted C2-C12 alkoxy, 4C(X)R10, tetra 
Zolyl, 3-hydroxy-isoxazole-4-yl, 3-hydroxy-isoxazole-5-yl, 
and the most preferred R14 are selected from iCQ()RlO, and 
X is O, NHZ, NCN, NNOZ, Wherein the most preferred R10 are 
selected from iOH, amino, alkylamino, CF3, NHCN, and 
5 -6-membered heterocyclyl. 
Compositions 
The compositions of the present invention comprise: 

(a) a safe and therapeutically effective amount of an MCD 
inhibiting compoundl or 11, its corresponding enantiomer, 
diastereoisomer or tautomer, or pharmaceutically accept 
able salt, or a prodrug thereof; and 

(b) a pharmaceutically-acceptable carrier. 
As discussed above, numerous diseases can be mediated by 

MCD related therapy. Thus, the compounds of this invention 
are useful in therapy With regard to conditions involving this 
MCD activity. 

Accordingly, the compounds of this invention can there 
fore be formulated into pharmaceutical compositions for use 
in prophylaxis, management and treatment of these condi 
tions. Stande pharmaceutical formulation techniques are 
used, such as those disclosed in Remington’ s Pharmaceutical 
Sciences, Mack Publishing Company, Easton, Pa. 
A “safe and therapeutically effective amount” of a com 

pound of the present invention is an amount that is effective, 
to inhibit MCD at the site(s) of activity, in a subject, a tissue, 
or a cell, and preferably in an animal, more preferably in a 
mammal, Without undue adverse side effects (such as toxicity, 
irritation, or allergic response), commensurate With a reason 
able bene?t/ri sk ratio, When used in the manner of this inven 
tion. The speci?c “safe and therapeutically effective amount” 
Will, obviously, vary With such factors as the particular con 



US 8,110,686 B2 
13 

dition being treated, the physical condition of the patient, the 
duration of treatment, the nature of concurrent therapy (if 
any), the speci?c dosage form to be used, the carrier 
employed, the solubility of the compound therein, and the 
dosage regimen desired for the composition. 

In addition to the subject compound, the compositions of 
the subject invention contain a pharmaceutically-acceptable 
carrier. The term “pharmaceutically-acceptable carrier”, as 
used herein, means one or more compatible solid or liquid 
?ller diluents or encapsulating substances which are suitable 
for administration to a mammal. The term “compatible”, as 
used herein, means that the components of the composition 
are capable of being commingled with the subject compound, 
and with each other, in a manner such that there is no inter 
action which would substantially reduce the pharmaceutical 
e?icacy of the composition under ordinary use situations. 
Pharmaceutically-acceptable carriers must, of course, be of 
suf?ciently high purity and suf?ciently low toxicity to render 
them suitable for administration preferably to an animal, pref 
erably mammal being treated. 
Some examples of substances, which can serve as pharma 

ceutically-acceptable carriers or components thereof, are 
sugars, such as lactose, glucose and sucrose; starches, such as 
corn starch and potato starch; cellulose and its derivatives, 
such as sodium carboxymethyl cellulose, ethyl cellulose, and 
methyl cellulose; powdered tragacanth; malt; gelatin; talc; 
solid lubricants, such as stearic acid and magnesium stearate; 
calcium sulfate; vegetable oils, such as peanut oil, cottonseed 
oil, sesame oil, olive oil, corn oil and oil oftheobroma; poly 
ols such as propylene glycol, glycerine, sorbitol, mannitol, 
and polyethylene glycol; alginic acid; emulsi?ers, such as the 
TWEENS; wetting agents, such sodium lauryl sulfate; color 
ing agents; ?avoring agents; tableting agents, stabilizers; 
antioxidants; preservatives; pyrogen-free water; isotonic 
saline; and phosphate buffer solutions. 
The choice of a pharmaceutically-acceptable carrier to be 

used in conjunction with the subject compound is basically 
determined by the way the compound is to be administered. 

If the subject compound is to be injected, the preferred 
pharmaceutically-acceptable carrier is sterile, physiological 
saline, with blood-compatible suspending agent, the pH of 
which has been adjusted to about 7.4. In particular, pharma 
ceutically-acceptable carriers for systemic administration 
include sugars, starches, cellulose and its derivatives, malt, 
gelatin, talc, calcium sulfate, vegetable oils, synthetic oils, 
polyols, alginic acid, phosphate buffer solutions, emulsi?ers, 
isotonic saline, and pyrogen-free water. Preferred carriers for 
parenteral administration include propylene glycol, ethyl ole 
ate, pyrrolidone, ethanol, and sesame oil. Preferably, the 
pharmaceutically-acceptable carrier, in compositions for 
parenteral administration, comprises at least about 90% by 
weight of the total composition. 

The compositions of this invention are preferably provided 
in unit dosage form. As used herein, a “unit dosage form” is a 
composition of this invention containing an amount of a com 
pound that is suitable for administration to an animal, prefer 
ably mammal subject, in a single dose, according to good 
medical practice. (The preparation of a single or unit dosage 
form however, does not imply that the do sage form is admin 
istered once per day or once per course of therapy. Such 
dosage forms are contemplated to be administered once, 
twice, thrice or more per day, and are expected to be given 
more than once during a course of therapy, though a single 
administration is not speci?cally excluded. The skilled arti 
san will recognize that the formulation does not speci?cally 
contemplate the entire course of therapy and such decisions 
are left for those skilled in the art of treatment rather than 
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14 
formulation.) These compositions preferably contain from 
about 5 mg (milligrams), more preferably from about 10 mg 
to about 1000 mg, more preferably to about 500 mg, most 
preferably to about 300 mg, of the selected compound. 
The compositions of this invention may be in any of a 

variety of forms, suitable (for example) for oral, nasal, rectal, 
topical (including transdermal), ocular, intracereberally, 
intravenous, intramuscular, or parenteral administration. 
(The skilled artisan will appreciate that oral and nasal com 
positions comprise compositions that are administered by 
inhalation, and made using available methodologies.) 
Depending upon the particular route of administration 
desired, a variety of pharmaceutically-acceptable carriers 
well-known in the art may be used. These include solid or 
liquid ?llers, diluents, hydrotropies, surface-active agents, 
and encapsulating substances. Optional pharmaceutically 
active materials may be included, which do not substantially 
interfere with the inhibitory activity of the compound. The 
amount of carrier employed in conjunction with the com 
pound is su?icient to provide a practical quantity of material 
for administration per unit dose of the compound. Techniques 
and compositions for making dosage forms useful in the 
methods of this invention are described in the following ref 
erences, all incorporated by reference herein: Modern Phar 
maceutics, Chapters 9 and 10 (Banker & Rhodes, editors, 
1979); Lieberman et al., Pharmaceutical Dosage Forms: Tab 
lets (1981); and Ansel, Introduction to Pharmaceutical Dos 
age Forms 2d Edition (1976). 

Various oral dosage forms can be used, including such 
solid forms as tablets, capsules, granules and bulk powders. 
These oral forms comprise a safe and effective amount, usu 
ally at least about 5%, and preferably from about 25% to 
about 50%, of the compound. Tablets can be compressed, 
tablet triturates, enteric-coated, sugar-coated, ?lm-coated, or 
multiple-compressed, containing suitable binders, lubricants, 
diluents, disintegrating agents, coloring agents, ?avoring 
agents, ?ow-inducing agents, and melting agents. Liquid oral 
dosage forms include aqueous solutions, emulsions, suspen 
sions, solutions and/or suspensions reconstituted from non 
effervescent granules, and effervescent preparations recon 
stituted from effervescent granules, containing suitable 
solvents, preservatives, emulsifying agents, suspending 
agents, diluents, sweeteners, melting agents, coloring agents 
and ?avoring agents. 
The pharmaceutically-acceptable carrier suitable for the 

preparation of unit dosage forms for peroral administration 
are well-known in the art. Tablets typically comprise conven 
tional pharmaceutically-compatible adjuvants as inert dilu 
ents, such as calcium carbonate, sodium carbonate, mannitol, 
lactose and cellulose; binders such as starch, gelatin and 
sucrose; disintegrants such as starch, alginic acid and cros 
carmelose; lubricants such as magnesium stearate, stearic 
acid and talc. Glidants such as silicon dioxide can be used to 
improve ?ow characteristics of the powder mixture. Coloring 
agents, such as the FD&C dyes, can be added for appearance. 
Sweeteners and ?avoring agents, such as aspartame, saccha 
rin, menthol, peppermint, and fruit ?avors, are useful adju 
vants for chewable tablets. Capsules typically comprise one 
or more solid diluents disclosed above. The selection of car 
rier components depends on secondary considerations like 
taste, cost, and shelf stability, which are not critical for the 
purposes of the subject invention, and can be readily made by 
a person skilled in the art. 

Peroral compositions also include liquid solutions, emul 
sions, suspensions, and the like. The pharmaceutically-ac 
ceptable carriers suitable for preparation of such composi 
tions are well known in the art. Typical components of 



US 8,110,686 B2 
15 

carriers for syrups, elixirs, emulsions and suspensions 
include ethanol, glycerol, propylene glycol, polyethylene 
glycol, liquid sucrose, sorbitol and water. For a suspension, 
typical suspending agents include methyl cellulose, sodium 
carboxymethyl cellulose, AVICEL RC-591, tragacanth and 
sodium alginate; typical wetting agents include lecithin and 
polysorbate 80; and typical preservatives include methyl 
paraben and sodium benzoate. Peroral liquid compositions 
may also contain one or more components such as sweeten 

ers, ?avoring agents and colorants disclosed above. 
Such compositions may also be coated by conventional 

methods, typically with pH or time-dependent coatings, such 
that the subject compound is released in the gastrointestinal 
tract in the vicinity of the desired topical application, or at 
various times to extend the desired action. Such dosage forms 
typically include, but are not limited to, one or more of cel 
lulose acetate phthalate, polyvinylacetate phthalate, hydrox 
ypropyl methyl cellulose phthalate, ethyl cellulose, Eudragit 
coatings, waxes and shellac. 

Compositions of the subject invention may optionally 
include other drug actives. 

Other compositions useful for attaining systemic delivery 
of the subject compounds include sublingual, buccal and 
nasal dosage forms. Such compositions typically comprise 
one or more of soluble ?ller substances such as sucrose, 

sorbitol and mannitol; and binders such as acacia, microcrys 
talline cellulose, carboxymethyl cellulose and hydroxypropyl 
methyl cellulose. Glidants, lubricants, sweeteners, colorants, 
antioxidants and ?avoring agents disclosed above may also 
be included. 

The compositions of this invention can also be adminis 
tered topically to a subject, e.g., by the direct application or 
spreading of the composition on the epidermal or epithelial 
tissue of the subject, or transdermally via a “patch”. Such 
compositions include, for example, lotions, creams, solu 
tions, gels and solids. These topical compositions preferably 
comprise a safe and effective amount, usually at least about 
0.1%, and preferably from about 1% to about 5%, of the 
compound. Suitable carriers for topical administration pref 
erably remain in place on the skin as a continuous ?lm, and 
resist being removed by perspiration or immersion in water. 
Generally, the carrier is organic in nature and capable of 
having dispersed or dissolved therein the compound. The 
carrier may include pharrnaceutically-acceptable emollient, 
emulsi?ers, thickening agents, solvents and the like. 

Methods of Administration 

The compounds and compositions of this invention can be 
administered topically or systemically. Systemic application 
includes any method of introducing compound into the tis 
sues of the body, e. g., intra-articular, intrathecal, epidural, 
intramuscular, transdermal, intravenous, intraperitoneal, sub 
cutaneous, sublingual administration, inhalation, rectal, or 
oral administration. The compounds of the present invention 
are preferably administered orally. 

The speci?c dosage of the compound to be administered, as 
well as the duration of treatment is to be individualised by the 
treating clinicians. Typically, for a human adult (weighing 
approximately 70 kilograms), from about 5 mg, preferably 
from about 10 mg to about 3000 mg, more preferably to about 
1000 mg, more preferably to about 300 mg, of the selected 
compound is administered per day. It is understood that these 
dosage ranges are by way of example only, and that daily 
administration can be adjusted depending on the factors listed 
above. 
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In all of the foregoing, of course, the compounds of the 

invention can be administered alone or as mixtures, and the 
compositions may further include additional drugs or excipi 
ents as appropriate for the indication. For example, in the 
treatment of cardiovascular diseases, it is clearly contem 
plated that the invention may be used in conjunction with 
beta-blockers, calcium antagonists, ACE inhibitors, diuretics, 
angiotensin receptor inhibitors, or known cardiovascular 
drugs or therapies. Hence, in this example, novel compounds 
or compositions of this invention are useful when dosed 
together with another active and can be combined in a single 
dosage form or composition. 
The compositions can also be administered in the form of 

liposome delivery systems, such as small unilamellar 
vesicles, large unilamellar vesicles, and multilamellar 
vesicles. Liposomes can be formed from a variety of phos 
pholipids, such as cholesterol, stearylamine, or pho sphatidyl 
cholines. 

DEFINITIONS 

As used herein, “alkyl” means a straight chain alkane, 
alkene, or alkyne substituent containing only carbon and 
hydrogen, such as methyl, ethyl, butyl, pentyl, heptyl and the 
like. Alkyl groups can be saturated or unsaturated (i.e., con 
taining iC:Ci or 4CECi linkages), at one or several 
positions. When a speci?c degree of unsaturation is preferred, 
said substituent is referred to as either “alkenyl” or “alkynyl”, 
denoting substituents containing 4C:Ci or 4CECi 
linkages, respectively. The number of carbons may be 
denoted as “Ci-Cj-alkyl” wherein I and j refer to the minimum 
and maximum number of carbon atoms, respectively. Typi 
cally, alkyl groups will comprise 1 to 12 carbon atoms, pref 
erably 1 to 10, and more preferably 2 to 8 carbon atoms. 
As used herein, “substituted alkyl” means a hydrocarbon 

substituent, which is linear, cyclic or branched, in which one 
or more hydrogen atoms are substituted by carboxy, hydroxy, 
alkoxy, cyano, nitro, carbonyl, aryl, carboxyalkyl, mercapto, 
amino, amido, ureido, carbamoyl, sulfonamido, sulfamido, or 
halogen. Preferred substituted alkyls have their alkyl spacers 
(i.e., portion which is alkyl) of 1 to about 5 carbons, and may 
be branched or linear, and may include cyclic substituents, 
either as part or all of their structure. Preferred examples of 
“substituted alkyls” include 4-carboxybutyl, pyridin-2-ylm 
ethyl, and 1 ,3 -thiazol-2 -ylmethyl, benzyl, phenethyl, and tri 
?uoromethyl. The term “substituted alkyl” may be combined 
with other art accepted terms. For example “substituted 
alkoxy” means alkoxy as understood in the art, wherein the 
alkyl portion of the substituent is substituted. 
As used herein, “branched alkyl” means a subset of 

“alkyl”, and thus is a hydrocarbon substituent, which is 
branched. Preferred branched alkyls are of 3 to about 12 
carbons, and may include cycloalkyl within their structure. 
Examples of branched alkyl include isopropyl, isobutyl, 1,2 
dimethyl-propyl, cyclopentylmethyl and the like. The term 
“branched alkyl” may be combined with other art accepted 
terms. For example “branched alkoxy” means alkoxy as 
understood in the art, wherein the alkyl portion of the sub 
stituent is branched. 
As used herein, “cycloalkyl” is a hydrocarbon substituent 

that is cyclic, and can be substituted or unsubstituted. Where 
it is substituted, one or more hydrogen atoms are substituted 
by carboxy, hydroxy, alkoxy, cyano, nitro, carbonyl, aryl, 
carboxyalkyl, mercapto, amino, amido, ureido, carbamoyl, 
sulfonamido, sulfamido, or halogen. Preferred cyclic alkyls 
are of 3 to about 7 carbons. Examples of cycloalkyl include 
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cyclopropyl, cyclopentyl, 4-?uoro-cyclohexyl, 2,3-dihy 
droxy-cyclopentyl, and the like. 
As used herein, “alkylene” is an alkyl diradical, i.e., an 

alkyl that has open valences on two different carbon atoms. 
Hence “(alkylene)Rl-” is an alkyl diradical attached at one 
carbon and having substituent Rl- attached at another carbon, 
which may be one or more carbons away from the point of 
attachment. Alkylene can be linear, branched, or cyclic. 
Examples of alkylene include iCHzi, CH2CH2i, 
i(CH2)4i, -(cyclohexyl)-; and the like. 
As used herein, “aryl” is a substituted or unsubstituted 

aromatic, i.e., Hiickel 4n+2 rule applies, radical having a 
single-ring (e.g., phenyl) or multiple condensed rings (e.g., 
naphthyl or anthryl), which may contain zero to 4 heteroat 
oms. Hence the term “heteroaryl” is clearly contemplated in 
the term “aryl”. Preferred carbocyclic aryl, is phenyl. Pre 
ferred monocyclic heterocycles, i.e., heteroaryls, are 5 or 6 
membered rings. Preferably, where the term “aryl” represents 
an aromatic heterocycle, it is referred to as “heteroaryl” or 
“heteroaromatic”, and has one or more heteroatom(s). Pre 
ferred numbers of such heteroatoms are from one to three N 
atoms, and preferably when “heteroaryl” is a heterocycle of 
?ve members, it has one or two heteroatoms selected from O, 
N, or S. Hence, preferred heterocycles have up to three, more 
preferably two or less, heteroatoms present in the aromatic 
ring. The skilled artisan will recognize that among heteroaryl, 
there are both ?ve and six membered rings. Examples of 
“heteroaryl” include; thienyl, pyridyl, pyrimidyl, pyridazyl, 
furyl, oxazolyl, imidazolyl, thiazolyl, oxadiazilyl, triazinyl, 
triazolyl, thiadiazolyl, and others, which the skilled artisan 
will recognize. In this de?nition it is clearly contemplated that 
substitution on the aryl ring is within the scope of this inven 
tion. Where substitution occurs, the radical is referred to as 
“substituted aryl”. Preferably one to three, more preferably 
one or two, and most preferably one substituent is attached to 
the aryl ring. Although many substituents will be useful, 
preferred substituents include those commonly found in aryl 
compounds, such as alkyl, hydroxy, alkoxy, cyano, nitro, 
halo, haloalkyl, mercapto and the like. Such substituents are 
prepared using known methodologies. These substituents 
may be attached at various positions of the aryl ring, and 
wherein a given placement is preferred, such placement is 
indicated by “o,m,p-Rl--aryl”. Thus, if substituent Rl- is 
attached at the para position of the aryl, then this is indicated 
as “p-Ri-substituted aryl”. 
As used herein, “amide” includes both RNR'COi (in the 

case of RIalkyl, alkaminocarbonyl-) and RCONR'i (in the 
case of RIalkyl, alkyl carbonylamino-). 
As used herein, “ester” includes both ROCOi (in the case 

of RIalkyl, alkoxycarbonyl-) and RCOOi (in the case of 
RIalkyl, alkylcarbonyloxy-). 
As used herein, “halogen” is a chloro, bromo, ?uoro or 

iodo atom radical. Chloro, bromo and ?uoro are preferred 
halogens. The term “halogen” also contemplates terms some 
times referred to as “halo” or “halide”. 
As used herein, “alkylamino” is an amine radical in which 

at least one hydrogen atom on the nitrogen has been replaced 
with alkyl. Preferred examples include ethylamino, buty 
lamino, isopropylamino, and the like. The alkyl component 
may be linear, branched, cyclic, substituted, saturated, or 
unsaturated. 
As used herein, “alkylsulfanyl” is a thiol radical in which 

the hydrogen atom on sulfur has been replaced with alkyl. 
Preferred examples include ethylsulfanyl, butylsulfanyl, iso 
propylsulfanyl, and the like. The alkyl component may be 
linear, branched, cyclic, substituted, saturated, or unsatur 
ated. 
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As used herein, “alkoxy” is a hydroxyl radical in which the 

hydrogen atom on oxygen has been replaced with alkyl. Pre 
ferred examples include ethoxy, butoxy, benzyloxy, and the 
like. The alkyl component may be linear, branched, cyclic, 
substituted, saturated, or unsaturated. 
As used herein, “heterocycle(s)” means ring systems, pref 

erably of 3-7 members, which are saturated or unsaturated, 
and non-aromatic. These may be substituted or unsubstituted, 
and are attached to other parts of the molecule via any avail 
able valence, preferably any available carbon or nitrogen. 
More preferred heterocycles are of 5 or 6 members. In six 
membered monocyclic heterocycles, the heteroatom(s) are 
from one to three of O, S, or N, and wherein when the 
heterocycle is ?ve-membered, preferably it has one or two 
heteroatoms selected from O, N, or S. 
As used herein, “heterocyclyl” means radical heterocycles. 

These may be substituted or unsubstituted, and are attached to 
other via any available valence, preferably any available car 
bon or nitrogen. 
As used herein, “sulfamido” means an alkyl-NiS(O)2 

Ni, aryl-NS(O)2Ni or heterocyclyl-NS(O)2Ni group 
wherein the alkyl, aryl or heterocyclyl group is as de?ned 
herein above. 
As used herein, “sulfonamido” means an alkyl-S(O)2Ni, 

aryl-S(O)2Ni or heterocyclyl-S(O)2Ni group wherein the 
alkyl, aryl or heterocyclyl group is as herein described. 
As used herein, “ureido” means an alkyl-NCONi, aryl 

NCONi or heterocyclyl-NCONi group wherein the alkyl, 
aryl or heterocyclyl group is as herein described. 
A substituent referred to as a radical in this speci?cation 

may form a ring with another radical as described herein. 
When such radicals are combined, the skilled artisan will 
understand that there are no unsatis?ed valences in such a 

case, but that speci?c substitutions, for example a bond for a 
hydrogen, is made. Hence certain radicals can be described as 
forming rings together. The skilled artisan will recognize that 
such rings can and are readily formed by routine chemical 
reactions, and it is within the purview of the skilled artisan to 
both envision such rings and the methods of their formations. 
Preferred are rings having from 3-7 members, more prefer 
ably 5 or 6 members. Compounds described herein may have 
cyclic structures therein, such as a ring R1 and R2. In that 
regard the skilled artisan recognizes that this method of 
description is routine in medicinal chemistry, though such 
may not rigorously re?ect the chemical synthetic route. As 
used herein the term “ring” or “rings” when formed by the 
combination of two radicals refers to heterocyclic or carbocy 
clic radicals, and such radicals may be saturated, unsaturated, 
or aromatic. For example, preferred heterocyclic ring systems 
include heterocyclic rings, such as morpholinyl, piperidinyl, 
imidazolyl, pyrrolidinyl, and pyridyl. 
The skilled artisan will recognize that the radical of for 

mula: 

represents a number of different functionalities. Preferred 
functionalities represented by this structure include amides, 
ureas, thioureas, carbamates, esters, thioesters, amidines, 
ketones, oximes, nitroole?nes, hydroxyguanidines and 
guanidines. More preferred functionalities include ureas, 
thioureas, amides, and carbamates. 
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The skilled artisan will recognize that some structures 
described herein may be resonance forms or tautomers of 
compounds that may be fairly represented by other chemical 
structures. The artisan recognizes that such structures are 
clearly contemplated within the scope of this invention, 
although such resonance forms or tautomers are not repre 
sented herein. For example, the structures: 

clearly represent the same compound(s), and reference to 
either clearly contemplates the other. In addition, the com 
pounds in this invention can be provided as prodrugs, the 
following of which serve as examples: 

wherein R is a group (or linkage) removed by biological 
processes. Hence clearly contemplated in this invention are 
compounds provided as biohydrolyzable prodrugs, as they 
are understood in the art. “Prodrug”, as used herein is any 
compound wherein when it is exposed to the biological pro 
cesses in an organism, is hydrolyzed, metabolized, deriva 
tized or the like, to yield an active substance having the 
desired activity. The skilled artisan will recognize that pro 
drugs may or may not have any activity as prodrugs. It is the 
intent that the prodrugs described herein have no deleterious 
effect on the subject to be treated when dosed in safe and 
effective amounts. These include for example, biohydrolyz 
able amides and esters. A “biohydrolyzable amide” is an 
amide compound which does not essentially interfere with 
the activity of the compound, or that is readily converted in 
vivo by a cell, tissue, or human, mammal, or animal subject to 
yield an active compound of the invention. A “biohydrolyz 
able ester” refers to an ester compound of the invention that 
does not interfere with the activity of these compounds or that 
is readily converted by an animal to yield an active formula (I) 
compound. Such biohydrolyzable prodrugs are understood 
by the skilled artisan and are embodied in regulatory guide 
lines. 
Compounds and compositions herein also speci?cally con 

template pharrnaceutically acceptable salts, whether cationic 
or anionic. A “pharmaceutically-acceptable salt” is an 
anionic salt formed at any acidic (e.g., carboxyl) group, or a 
cationic salt formed at any basic (e.g., amino) group. Many 
such salts are known in the art, as described in World Patent 
Publication 87/05297, Johnston et al., published Sep. 11, 
1987 (incorporated by reference herein). Preferred counter 
ions of salts formable at acidic groups can include cations of 
salts, such as the alkali metal salts (such as sodium and 
potassium), and alkaline earth metal salts (such as magne 
sium and calcium) and organic salts. Preferred salts formable 
at basic sites include anions such as the halides (such as 
chloride salts). Of course, the skilled artisan is aware that a 
great number and variation of salts may be used, and 
examples exist in the literature of either organic or inorganic 
salts useful in this manner. 
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Inasmuch as the compounds of the invention may contain 

one or more stereogenic centers, “Optical isomer”, “stereoi 
somer”, “enantiomer,” “diastereomer,” as referred to herein 
have the standard art recognized meanings (cf. Hawleys Con 
densed Chemical Dictionary, 11th Ed.) and are included in 
the compounds claimed, whether as racemates, or their opti 
cal isomers, stereoisomers, enantiomers, and diastereomers. 

Likewise, inasmuch as the compounds of the invention 
may exist as “regio-isomers”, speci?cally those compounds 
of formula I that have several relative orientations of the 
heteroatoms within ring C, reference to such isomers has the 
standard art recognized meaning (cf. Hawleys Condensed 
Chemical Dictionary, 1 1th Ed.) and are included in the com 
pounds claimed. 
As used herein, the term “metabolic disease”, means a 

group of identi?ed disorders in which errors of metabolism, 
imbalances in metabolism, or sub-optimal metabolism occur. 
The metabolic diseases as used herein also contemplate a 
disease that can be treated through the modulation of metabo 
lism, although the disease itself may or may not be caused by 
speci?c metabolism blockage. Preferably, such metabolic 
disease involves glucose and fatty acid oxidation pathway. 
More preferably, such metabolic disease involves MCD or is 
modulated by levels of Malonyl CoA, and is referred to herein 
as an “MCD or MCA related disorder.” 

Preparation of Compounds of the Invention 
The starting materials used in preparing the compounds of 

the invention are known, made by known methods, or are 
commercially available. It will be apparent to the skilled 
artisan that methods for preparing precursors and functional 
ity related to the compounds claimed herein are generally 
described in the literature. The skilled artisan given the litera 
ture and this disclosure is well equipped to prepare any of the 
claimed compounds. 

It is recognized that the skilled artisan in the art of organic 
chemistry can readily carry out manipulations without further 
direction, that is, it is well within the scope and practice of the 
skilled artisan to carry out these manipulations. These include 
reduction of carbonyl compounds to their corresponding 
alcohols, reductive alkylation of amines, oxidations, acyla 
tions, aromatic substitutions, both electrophilic and nucleo 
philic, etheri?cations, esteri?cation, saponi?cation and the 
like. These manipulations are discussed in standard texts such 
as March Advanced Organic Chemistry (Wiley), Carey and 
Sundberg, Advanced Organic Chemistry and the like. 
The skilled artisan will readily appreciate that certain reac 

tions are best carried out when other functionality is masked 
or protected in the molecule, thus avoiding any undesirable 
side reactions and/or increasing the yield of the reaction. 
Often the skilled artisan utilizes protecting groups to accom 
plish such increased yields or to avoid the undesired reac 
tions. These reactions are found in the literature and are also 
well within the scope of the skilled artisan. Examples of many 
of these manipulations can be found for example in T. Greene 
and P. Wuts Protecting Groups in Organic Synthesis, 2'” Ed., 
John Wiley & Sons (1991). 
The following example schemes are provided for the guid 

ance of the reader, and represent preferred methods for mak 
ing the compounds exempli?ed herein. These methods are 
not limiting, and it will be apparent that other routes may be 
employed to prepare these compounds. Such methods spe 
ci?cally include solid phase based chemistries, including 
combinatorial chemistry. The skilled artisan is thoroughly 
equipped to prepare these compounds by those methods given 
the literature and this disclosure. 
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As shown in Scheme 1 , amino -2 

mercaptobenzothiazole(s) 1, which are commercially avail 
able or easily prepared using known methods, are condensed 
with aldehydes or ketones and reduced with sodium 
cyanoborohydride to afford the corresponding N 
alkylaniline(s) 2. Compound(s) 2 are subsequently converted 
to the corresponding urea(s) or thiourea(s) (3, R13Ialiphatic, 
aromatic, heterocyclyl or heteroaryl), amides (4, 
R13Ialiphatic, aromatic, heterocyclyl or heteroaryl), sulfona 
mide(s) (5, R13Ialiphatic, aromatic, heterocyclyl or het 
eroaryl), or carbamate(s) (6, R13Ialiphatic, aromatic, hetero 
cyclyl or heteroaryl), under the reaction conditions depicted. 
As shown in Scheme 2, thiohydantoin analogs (7) were 

prepared through the direct treatment of 1 with various amino 

35 

acid isothiocyanato esters (R9Ialkyl, aryl, heterocyclyl) in 
40 hot pyridine. 

Scheme 2 
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The pyrimidine and pyridine scaffold(s) 10 are obtained as 
shown in Scheme 3. Iterative displacement of the chlorines in 
8 (which are commercially available or preparedusing known 
methods) by sodium diethyldithiocarbamate, and a primary 
amine(R4NH2), respectively give intermediate(s) 9, which 
upon reduction/thiolysis with basic sodium sul?de and con 
densation with potassium xanthic acid salt afford 10. 
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Scheme 3 
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The skilled artisan recognises that compounds such as 10 are 
used in like fashion as compound(s) 1 as described above for 
the preparation of the compounds in the present invention. 
Also understood by the skilled artisan are the use of similar 
pyrimidines and pyridines (i.e., regio-isomers thereof) as 
described herein in like fashion to 1 for the preparation of the 
compounds described in this invention. Other compounds 
described in the present invention are prepared in analogous 
fashion to the teachings disclosed in Arrhenius, Chen et al., 
applications CH010-01.PCT, CH010-02.PCT, and CH011 
01.PCT, ?led on Jan. 12, 2002; The disclosures therein are 
incorporated herein by reference. 
Biological Activity 
In Vitro MCD Inhibitory Assay: 
A spectrophotometric method for the determination of 

malonyl-CoA decarboxylase activity assay described in the 
literature, is adapted and modi?ed for MCD inhibitory activ 
ity assay in a high-throughput format (Kolattukudy et al., 
Methods in Enzymology 71:150 (1981)). The following 
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reagents are added into a 96 well titer plate: Tris-HCl buffer, 
20 ML; DTE, 10 uL; l-malate, 20 uL; NAD, 10 ML; NADH, 25 
uL; water, 80 ML; malic dehydrogenase, 5 ML. The contents 
are mixed and incubated for 2 min followed by the addition of 
5 ML of citrate synthase. The compound is added followed by 
5 ML of malonyl-CoA decarboxylase prepared from rat heart 
and 20 ML of malonyl-CoA. The content is incubated and 
absorbence at 460 nM is measured. 

Active compounds are characterized by the concentration 
of the compound that caused 50% inhibition of MCD activity 
(ICSO). The preferred compounds have the 1C50 value less 
than 10 nM. The most preferred compounds have the 1C50 
value less than 100 nM. 

TABLE 1 

IC 0 ofthe MCD inhibitors 

Compound IC5O (pM) 

Table 3; entry 1 0.031 
Table 3; entry 3 0.093 
Table 3; entry 16 0.023 
Table 3; entry 17 0.042 
Table 4; entry 4 0.075 
Table 4; entry 6 1.604 
Table 7; entry 1 0.062 
Table 7; entry 8 0.052 
Table 8; entry 1 0.098 
Table 8; entry 7 0.025 

Glucose Oxidation and Fatty Acid Oxidation Measurement in 
the Perfused Rat Heart: 

Isolated working hearts from male Sprague-Dawley rats 
are subjected to a 60-minute aerobic perfusion period with a 
modi?ed Krebs-Henseleit solution containing 5 mmol/ L glu 
cose; 100 uU/mL insulin; 3% BAS; and 1.2 mmol/L palmi 
tate. Working hearts are used in these studies to approximate 
the metabolic demand of the heart seen in vivo. (Kantor et al., 
Circulation Research 86:580-588 (2000)). The test com 
pound is added 5 minutes into the perfusion period. 

Glucose oxidation rates are determined by the quantitative 
collection of 14CO2 produced by hearts perfused with buffer 
containing [U14]-Glucose. Rates of fatty acid oxidation are 
determined by the quantitative collection of 14CO2 produced 
by hearts perfused with buffer containing [14C]palmitate 
(McNeill, J . H. in “Measurement of cardi ovascul ar function”, 
chapter 2, CRC press, New York (1997)). 

Active compounds are characterized by an increase in glu 
cose oxidation as compared to control experiment (DMSO). 
The compounds that caused statistically signi?cant increases 
in glucose oxidation are considered to be active. The pre 
ferred compounds cause statistically signi?cant increases in 
glucose oxidation at 20 nM. Statistical signi?cance was cal 
culated using the Student’s t test for paired or unpaired 
samples, as appropriate. The results with P<0.05 are consid 
ered to be statistically signi?cant. 

EXAMPLES 

To further illustrate this invention, the following examples 
are included. The examples should not be construed as spe 
ci?cally limiting the invention. Variations of these examples 
within the scope of the claims are within the purview of one 
skilled in the art are considered to fall within the scope of the 

invention as described, and claimed herein. The reader will 
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recognize that the skilled artisan, armed with the present 
disclosure, and skill in the art is able to prepare and use the 
invention without exhaustive examples. 

Trademarks used herein are examples only and re?ect 
illustrative materials used at the time of the invention. The 
skilled artisan will recognize that variations in lot, manufac 
turing processes, and the like, are expected. Hence the 
examples, and the trademarks used in them are non-limiting, 
and they are not intended to be limiting, but are merely an 
illustration of how a skilled artisan may choose to perform 
one or more of the embodiments of the invention. 

lH nuclear magnetic resonance spectra (NMR) is mea 
sured in CDCl3 or other solvents as indicated by a Varian 
NMR spectrometer (Unity Plus 400, 400 MHz for 1H) unless 
otherwise indicated and peak positions are expressed in parts 
per million (ppm) down?eld from tetramethylsilane. The 
peak shapes are denoted as follows, s, singlet; d, doublet; t, 
triplet; q, quartet; m, multiplet. 
The following abbreviations have the indicated meanings: 
Ac:acetyl 
BnIbenzyl 
Bz:benzoyl 
CDIIcarbonyl diimidazole 
CH2C12Idichloromethane 
DIBALIdiisobutylaluminum hydride 
DMAPI4-(dimethylamino)-pyridine 
DMFIN,N-dimethylformamide 
DMSOIdimethylsulfoxide 
EDCI or ECAC:1 - [3 -(dimethylamino)propyl] -3 -ethylcar 

bodiimide hydrochloric acid 
ESIMSIelectron spray mass spectrometry 

Et3N?riethylamine 
EtOAcIethyl acetate 
HMTAIhexamethylenetetramine 
LDAIlithium diisopropylamide 
LHDMSIlithium bis(trimethylsilyl)amide 
MgSO4Imagnesium sulfate 
NaHIsodium hydride 
NBSIN-bromosuccinimide 

NCSIN-chlorosuccinimide 

NH4Cl:ammonium chloride 
Phrphenyl 
Pyrpyridinyl 
r.t.:room temperature 

THF?etrahydrofuran 
TLC?hin layer chromatography 

Alkyl Group Abbreviations 
MeImethyl 
Et:ethyl 
n-PrInormal propyl 
i-PFisopropyl 
n-BuInormal butyl 
i-BuIisobutyl 
t-Bu?ertiary butyl 
s-BuIsecondary butyl 
c-Hex:cyclohexyl 
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TABLE 2 

Preparation ofN—alkyl benzothiazoles. 

N aldehyde or 

\ ketone 
SH —> 

NaCNBH3 
HZN S HOAc/MeOH 

N 

\>isn Rs 
\N S 
H 

Entry R8 

1 isobutyl 

2 4—pyridyl—2—ylrnethyl 

3 2—benzyloxy—ethyl 

4 4—thiazol—2—ylrnethyl 

5 isopropyl 

6 carboxyrnethyl 

7 4CH2(5—rnethyl—thiophen) 

Example Procedure for Synthesis of N-alkyl 
Benzothiazoles 

m2 
:0 

6-[(2-methylpr0pyl)amin0]-1,3-benzothiazole-2 
thiol (Table 2, Entry 1) 

Into a 500 ml round bottomed ?ask were added 6-amin0-1, 
3-benzothiazole-2-thiol (5 .0 g, 0.03 mol), hexanal (3.0 g, 0.03 
mol), methanol (250 ml), glacial acetic acid (2.5 ml), water (1 
ml), and NaCNBH3 (1.9 g, 0.03 mol). The mixture was stirred 
for 4 h, ?ltered, and the ?ltrate was concentrated to give light 
yellow solid. The solid was washed with water and triturated 
with diethyl ether to give 4.0 g (61%) of the title compound. 
1H NMR (DMSO-ds) 6:0.88 (t, 6H), 1.79 (m, 1H), 2.77 (t, 
2H), 6.64 (d, 1H), 6.72 (s, 1H), 6.99 (d, 2H); ESIMS: m/Z 239 
(M—H). 
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TABLE 3 

Preparation of benzothiazole—ureido compounds. 

Rs \ 
N 
H 

O N 

1 \H R1 3 
\N N S 
H | 

Rs 

Entry R8 R13 

1 isobutyl 4— (tri?uorornethyl)phenyl 
2 isobutyl 4—brornophenyl 
3 isobutyl 4—cyanophenyl 
4 isobutyl 4—pyridin—3—yl 
5 4—pyridin—2—yl 4—brornophenyl 
6 4—pyridin—2—yl 4— (tri?uorornethyl)phenyl 
7 4—pyridin—2—yl 2—chloroethyl 
8 4CH2 (5 —rnethyl—thiophen) 4—brornophenyl 
9 4CH2 (5 —rnethyl—thiophen) 4— (tri?uorornethyl)phenyl 

10 2—benzyloxy—ethyl 4—brornophenyl 
11 2—benzyloxy—ethyl 4— (tri?uorornethyl)phenyl 
12 4—thiazol—2—ylrnethyl 2—chloroethyl 
13 4—thiazol—2—ylrnethyl 4— (tri?uorornethyl)phenyl 
14 isopropyl 4—butoxyphenyl 
15 isopropyl 4—cyanornethylphenyl 
16 isopropyl 4— (tri?uorornethyl)phenyl 
17 isopropyl 4—carboxyrnethylphenyl 
18 isopropyl i(CH2)5COZEt 

Example Pro c edure for Synthesis 0 f 
Benzothiazole-ureido Compounds 

F3C N 
O 

1 \H 
N N S 
H 

N-(2-mercapt0-1,3 -benzothiazol-6-yl)-N-(2 -methyl 
propyl)-N'-[4-(tri?u0r0methyl)phenyl]urea (Table 3, 

Entry 1) 

Into 50 ml round bottomed ?ask were added 6-[(2-methyl 
propyl)amino]-1,3-benzothiazole-2-thiol (52.36 mg, 0.22 
mmol), dichloromethane (10 ml), and (x,(x,(x-tri?uoro-p-tolyl 
isocyanate (41.1 mg, 0.22 mmol). The reaction mixture was 
stirred 8 h, ?ltered, and the solid that was obtained was 
triturated with chloroform, followed with chloroform/metha 
nol (9:1 mixture) to give 60 mg (64%) of the title compound. 
1H NMR (DMSO-d6) 6:0.84 (d, 6H), 1.66 (m, 1H), 3.49 (d, 
2H), 7.30 (s, 2H), 7.50 (d, 2H), 7.60 (d, 2H), 7.71 (s, 1H); 
ESIMS: m/Z 424 (M—H). 
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TABLE 4 

Preparation of benzothiazole—carbarnyl compounds. 

0 

\ \0 Cl 
sn 

s 
R8 acetone 
\N iPrZEtN 
H 

O N 

i \>—SH R13 
\0 Ilq S 

Rs 

EHUY R8 R13 

1 isobutyl 4—chlorophenyl 
2 isobutyl 4—methoxyphenyl 
3 isobutyl 4—?uophenyl 
4 isopropyl 4—chlorophenyl 
5 isopropyl 2—methoxy—ethyl 
6 isopropyl 2—benzyloxy—ethyl 

Example Procedure for Synthesis of 
Benzothiazole-carbamyl Compounds 

C1 N 
O \ 1 H 

0 N S 

4-chlor0phenyl 2-mercapt0-1,3 -benzothiazol-6-yl 
(methylpropyl)carbamate (Table 4, Entry 1) 

Into a 50 ml round bottomed ?ask were added 6-[(2-meth 
ylpropyl)amin0]-1,3-benzothiazole-2-thiol (100 mg, 0.42 
mmol), acetone (10 ml), N,N-diisopropylethylamine (54.2 
mg, 0.42 mmol) and 4-chlor0phenyl chlorofonnate (78.8 mg, 
0.42 mmol). The reaction mixture was stirred for 10 h, ?l 
tered, and the solid that was obtained was triturated with 
diethyl ether to afford 38 mg (48%) 0f the title compound. 1H 
NMR (DMSO-d6) 6:0.85 (d, 6H), 1.70 (m, 1H), 3.53 (br s, 
2H), 7.12 (d, 2H), 7.31 (d, 1H), 7.41 (m, 3H), 7.79 (s, 1H); 
ESIMS: m/Z 393 (M+H). 

Example Procedure for Synthesis of 
Benzothiazole-sulfonamide Compounds 

N 
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4-?u0r0-N-isopr0pyl-N-(2-mercapt0benzothiaZOl-6 

yl) -benzenesulf0namamide 

Into a 50 ml round bottomed ?ask were added 6-[(2-methyl 
propyl)amin0]-1,3-benzothiazole-2-thiol (200 mg, 0.89 
mmol), pyridine (10 ml), and 4-?u0r0phenyl sulfonyl chlo 
ride (208 mg, 1.07 mmol). The reaction mixture was stirred 
for 1 h, then concentrated. The solid that was obtained was 
triturated with diethyl ether, then puri?ed by preparative TLC 
(5% MeOH in CHCl3) to afford 11 mg (3%) 0f the title 
compound. 1H NMR (DMSO-d6) 6:0.90 (d, 6H), 4.41 (m, 
1H), 6.91 (br s, 1H), 7.24 (br s, 1H), 7.41 (m, 3H), 7.77 (m, 
2H), 13.9 (br s, 1H); ESIMS: m/Z 381 (M—H). 

TABLE 5 

Preparation of benzothiazole—thiohydantoin compounds. 

0 

NCS 

N\ M60 >—sn R9 
H N S —’ 

2 pyr, 60° C. 

N 

S \>—sn 
x, S 

HN 

0 

R9 

Entry R9 

1 H 
2 ethyl 
3 isopropyl 
4 isobutyl 
5 benzyl 
6 2—methylsulfanyl—ethyl 

Example Procedure for Synthesis of 
Benzothiazole-thiohydantoin Compounds 

N 

S \>—sn y, S 
HN\/K O 

3-(2-mercapto-1,3-benzothiazol-6-yl)-2-thi0x0imi 
dazolidin-4-0ne (Table 5, Entry 1) 

Into a 13x100 mm screw cap Pyrex® Vial were added 

6-amin0-1,3-benzothiazole-2-thiol (108 mg, 0.59 mmol), 
methyl-2-isothiocyanat0acetate (94.8 mg, 0.72 mmol), and 
pyridine (2 ml). The Vial was purged with Ar, capped, and 
shaken in an oven at 60° C. for 8 h. The solution was concen 

trated, and the residue was triturated with Et2O to give a rusty 
brown powder (59 mg, 35%). 1H NMR (DMSO-d6) 6:4.27 
(s, 2H), 7.26 (d, 1H), 7.35 (d, 1H), 7.61 (s, 1H), 10.40 (s, 1H), 
13.86 (br s, 1H); ESIMS: m/Z 280 (M—H); mp>266o C. 
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TABLE 6 

Preparation of 5—alkylalnino—thiazol[5,4—b]pyridine(or pyrimidine)—2— 
thiol(s). 

N02 1. NaCSZNEt 
Z \ THF, -10 C. 

—> 

)L / 2. R5—NH2 
Cl N Cl K2C03, 

8 CH3CN 

NOZ 
Z \ 3. NaZS, NaOH 

)I\ EtOH, re?ux 
HN N SC(S)NEt2 4- KCSZOEt 

I EtOH, re?ux 
R5 

9 

N 
Z \ \ 

l H R5 / 
\ N N S 
H 

10 

Entry Z R5 

1 CH isopropyl 
2 CH ethyl 
3 CH H 
4 N ethyl 
5 N isopropyl 

Example Procedure for Synthesis of 
5-alkylamino-thiazol[5,4-b]pyridine-2-thiol(s) 

\ N 
\>—SH ANINlS 

H 

Preparation of 
5-isopropylamino-thiazol[5,4-b]pyridine-2-thiol 

(Table 6, Entry 1) 

Step 1: Into a 1 L ?ask were added 2,6-dichloro-3 -nitropy 
ridine (15.01 g, 77.78 mmol) and anhydrous THF. The solu 
tion was cooled in an ice-water bath for 10 min and degassed 
by evacuation/purging with Ar. A solution of sodium dieth 
yldithiocarbamate (19.34 g, 85.8 mmol) in 275 mL THF was 
prepared and degassed, and then added dropwise over 30 min 
to the solution of the chloropyridine. The solution was stirred 
at 0 degrees for 5 h, then allowed to warm to room tempera 
ture. The solvent was evaporated, and the dark orange residue 
was taken up in EtoAc and washed 3>< with water, then 1>< 
with brine. The organic fraction was dried (MgSO4), ?ltered, 
and concentrated to afford an amber oil. Puri?cation by ?ash 
column (SiO2 gel; 10% EtoAC/hexanes) afforded 17.3 g 
(73%) of an orange oil (diethyl-dithiocarbamic acid 6-chloro 
3-nitro -pyridin-2-yl ester). 

Step 2: Into a 250 mL round bottomed ?ask were added the 
product obtained in step 1 (12.38 g, 40.48 mmol), K2CO3 
(5.64 g, 40.8 mmol), and acetonitrile (100 mL). Isopropy 
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30 
lamine (3.5 mL, 40.5 mmol) was added over 5 min, and the 
solution was stirred overnight. The reaction solution was 
?ltered through a 2-cm pad of Celite, concentrated, and the 
residue was taken up in EtOAc and washed 3>< with 1 M citric 
acid, then brine. The organic fraction was dried (Mg S04), 
?ltered, and concentrated to afford an orange-red oil. Crys 
tallization from Et2O/hexanes gave of 12.3 g (92%) of the title 
compound (9, Z:C, RSIisopropyl) as orange crystals. 1H 
NMR (CDC13) 6:1.98 (d, 6H), 1.24 (t, 3H), 1.28 (t, 3H), 3.81 
(q, 2H), 4.08 (q, 2H), 5.08 (d, 1H), 6.18 (d, 1H), 8.19 (d, 1H). 

Step 3: Into a 250 mL round bottomed ?ask were added (9; 
Z:C, RSIisopropyl, 4.55 g, 13.8 mmol) and EtOH (100 
mL). A solution ofNaOH (5.66 g, 141 mmol) and Na2S (5.58 
g, 71.5 mmol) in 50 mL water was slowly added, and the 
reaction mixture was re?uxed overnight under Ar. The reac 
tion mixture was neutralized to pH 6 with citric acid, then 
concentrated. The residue was taken up in EtOAc, and the 
layers were separated. The aqueous fraction was extracted 2>< 
with EtOAc, and the combined organic fractions were washed 
with brine, then dried (MgSO4), ?ltered, and concentrated to 
afford 3-amino-6-isopropylamino-pyridine-2-thiol as a 
brown cake. 

Step 4: Into a 250 mL round bottomed ?ask containing the 
crude product obtained in step 3 (~13.8 mmol) was added 
ethyl xanthic acid, potassium salt (3.42 g, 21.3 mmol), and 
EtOH (100 mL). The reaction mixture was re?uxed 5 h under 
Ar, then cooled to ca. 40 degrees and decolorized with char 
coal. Filtration through a 2-cm pad of Celite gave a light 
brown cake, which was dissolved in a minimal amount of 
water and acidi?ed with acetic acid to afford the crude prod 
uct as a tan solid. Filtration and washing with water followed 

by ether afforded 2.55 g (82% from 9) of 5-isopropylamino 
thiazol[5,4-b]pyridine-2-thiol (Table 6, entry 1) as a tan pow 
der. 1H NMR (DMSO-d6) 6:1.09 (d, 6H), 3.90 (m, 1H), 6.44 
(d, 1H), 6.74 (d, 1H), 7.25 (d, 1H), 13.36 (br s, 1H);ES1MS: 
m/Z 224 (M—H). 

TABLE 7 

Preparation of [5 ,4—b]pyridine—ureido compounds. 

N 
\ \ R4—NCO 

I SH P 'd' 
R yri me 

5 \N N/ S or THF 
H 

N 
O \ \ 

I >—sn R4 / 
\N N N S 
H | 

Rs 

Entry R5 R4 

1 ethyl 4—butoxyphenyl 
2 ethyl 4— (tri?uoromethyl)phenyl 
3 ethyl 4—carb oxymethylphenyl 
4 isopropyl 4—hexyloxyphenyl 
5 isopropyl 4—carb oxymethylphenyl 
6 isopropyl 4—(1—oxo—ethyl)phenyl 
7 isopropyl 4—tert—butoxyphenyl 
8 isopropyl 4— (tri?uoromethyl)phenyl 
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Example Procedure for Synthesis of 
[5,4-b]pyridine-ureido Compounds 

3 -(4 -butoxy-phenyl)- 1 -ethyl-1 -(2 -mercapto-thiazolo 
[5,4-b]pyridin-5-yl)-urea (Table 7, Entry 1) 

Into 13><100 mm pyrex reaction vial were added 5-ethy 
lamino-thiazolo[5,4-b]pyridine-2-thiol (105 mg, 0.49 
mmol), anhydrous pyridine (2 ml), and 4-butoxyphenyl iso 
cyanate (135 pl, 0.74 mmol). The reaction mixture was stirred 
3.5 h, then concentrated. Puri?cation by preparative TLC 
(40% EtoAc in Hexanes) gave 26 mg (13%) of the title com 
pound. 1H NMR (DMSO-d6) 6:0.91 (t, 3H), 1.10 (t, 3H), 
1.39 (m, 2H), 1.61 (m, 2H), 3.91 (m, 1H), 6.80 (d, 2H), 7.30 
(m, 3H), 7.99 (br d, 1H), 9.43 (s, 1H); ESIMS: m/Z 401 
(M—H); mp 134.3-135 C. 

TABLE 8 

Preparation of [5 4—blpvridine—alnido compounds. 

H 

N 
O \ \ 

l >— SH 
/ S 

R4 1? N 
R5 

Entry R5 R4 

1 ethyl phenoxymethyl 
2 ethyl benzyl 
3 ethyl 4—butoxyphenyl 
4 ethyl 4—hexyloxyphenyl 
5 ethyl Pyridin—4—yl 
6 isopropyl 3—methyl—butyl 
7 isopropyl 4— (tri?uoromethyl)phenyl 
8 isopropyl 4—chlorophenyl 

Example Procedure for Synthesis of 
[5,4-b]pyridine-amido Compounds 
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N-ethyl-N-(2-mercapto-thiazolo[5,4-b]pyridin-5-yl) 

2-phenoxy-acetamide (Table 8, Entry 1) 

Into 13><100 mm pyrex reaction vial were added 5-ethy 
lamino-thiazolo[5,4-b]pyridine-2-thiol (99 mg, 0.47 mmol), 
anhydrous pyridine (1.5 ml), and 4-butoxyphenyl isocyanate 
(100 pl, 0.72 mmol). The reaction mixture was stirred 2.5 h, 
then concentrated. Puri?cation by preparative TLC (40% 
EtoAc in Hexanes) gave 36 mg (22%) of the title compound. 
1H NMR (DMSO-d6) 6:1.02 (t, 3H), 3.73 (m, 2H), 6.70 (d, 
2H), 6.86 (t, 1H), 7.19 (t, 2H), 7.29 (d, 1H), 7.59 (br d, 1H; 
ESIMS: m/Z 344 (M—H); mp 1075-1090 C. 

amorost 
A 

Example Procedure for Synthesis of 
[5,4-b]pyridine-carbamyl Compounds 

Into 1.5 ml microwave reaction vial were added 5-isopropy 
lamino-thiazolo[5,4-b]pyridine-2-thiol (50 mg, 0.22 mmol), 
anhydrous pyridine (1.5 ml), and 4-chlorophenyl chlorofor 
mate (40 pl, 0.29 mmol). The reaction mixture was heated by 
microwave at 120 C for 15 min, then concentrated. Puri?ca 
tion by preparative TLC (40% EtoAc in Hexanes) gave 10.2 
mg (12%) of the title compound. 1H NMR (DMSO-d6) 
6:1.21 (d, 6H), 4.42 (m, 1H), 7.17 (d, 2H), 7.39 (d, 2H), 7.70 
(d, 1H), 8.39 (d, 1H; ESIMS: m/Z 378 (M—H). 

All references described herein are hereby incorporated by 
reference, for example, all patents, patent applications, and 
publications cited are incorporated herein by reference. 

Modi?cation of the preceding embodiments is within the 
scope of the skilled artisan in formulation, given the guidance 
of the speci?cation in light of the state of the art. 

While particular embodiments of this invention have been 
described, it will be apparent to those skilled in the art that 
various changes and modi?cations of this invention can be 
made without departing from the spirit and scope of the 
invention. It is intended to cover, in the appended claims, all 
such modi?cations that are within the scope of this invention. 
Hence, the foregoing written speci?cation is considered to be 
suf?cient to enable one skilled in the art to practice the inven 
tion. Indeed, various modi?cations of the above-described 
makes for carrying out the invention which are obvious to 
those skilled in the ?elds of molecular biology, chemistry, 
medicine, pharmaceutics, or related ?elds are intended to be 
within the scope of the following claims. 

We claim: 
1. A compound having the following formula: 

/ N 
\ SH 

\N I k 
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wherein: 
R1 is selected from the group consisting of: ethylamino, 

isopropylamino, 

o s 0 

R4 i R4 i R4 i and \N N/ \N N/ \O N/ 
| | | , | | 

R5 R5 
0 

RA,” 
Y is S; 
R5’ is hydrogen; R5 is selected from ethyl, C3-C12 branched 

alkyl, C2-C8 (alkylene)Rl4, cycloalkyl, 4CH2(hetero 
cyclyl), iCH2(aryl), heterocyclyl, and R4 is selected 
from 5-6 membered heterocyclyl, R9-substituted het 
eroaryl, or p-R9-substituted phenyl; 

each R9 is selected from F; Cl; Br; I; OH; 4CN; iN 
(CN)2; 4C(CN)3; *CF3; i(CF2)mCF3, Wherein m is 
zero, one, two, or three; iCH(CF3)2, 4CF(CF3)2, 
iSO3H, C2-C12 alkylsulfanyl, C2-C12 alkoxy, substi 
tuted C2-C12 alkoxy, 4C(X) R10, tetrazolyl, 3-hydroxy 
isoxazole-4-yl, and 3-hydroxy-isoxazole-5-yl; 

R14 is R10, 
X is O, NHZ, NCN, NNOZ; and 
R10 is selected from 40H, amino, alkylamino, CF3, 
NHCN, and 5-6-membered heterocyclyl; 

or a pharmaceutically acceptable salt thereof. 
2. A pharmaceutical composition Which comprises the 

compound or salt of claim 1 in a pharmaceutically acceptable 
carrier. 

3. A [5,4-b]pyridine compound having formula (A), (B), or 
(C) beloW: 

N (A) 
/ 

| \>—SH 
\N S 

H 

/ N 

i 11% 
(B) 
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-continued 

N (C) 
o / II M \ s 

R4 1"] N 
R5 

Wherein: 

When the compound has formula (A), then R5 is isopropyl 
or ethyl; 

When the compound has formula (B), then the folloWing 
combinations of R5 and R4 apply: 

R5 R4 

ethyl 4—butoxyphenyl 
ethyl 4— (tri?uoromethyl)phenyl 
ethyl 4—carboxymethylphenyl 
isopropyl 4—hexyloxyphenyl 
isopropyl 4—carboxymethylphenyl 
isopropyl 4—(l—oxo—ethyl)phenyl 
isopropyl 4—tert—butoxyphenyl 
isopropyl 4— (tri?uoromethyl)phenyl 

and 

When the compound has formula (C), then the folloWing 
combinations of R5 and R4 apply: 

R5 R4 

ethyl phenoxymethyl 
ethyl benzyl 
ethyl 4—butoxyphenyl 
ethyl 4—hexyloxyphenyl 

isopropyl 3—methyl—butyl 
isopropyl 4— (tri?uoromethyl)phenyl 
isopropyl 4—chlorophenyl 
isopropyl 4—chlorophenoxy 

or a pharmaceutically acceptable salt thereof. 

4. A pharmaceutical composition Which comprises the 
compound or salt of claim 3 in a pharmaceutically acceptable 
carrier. 




